To characterize the molecular weight diversity of seed dehydrin among soybean cultivars, 26 W 27-kDa soybean dehydrins were puriˆed and compared in peptide mapping patterns, partial amino acid sequences, and cryoprotective activity on enzyme. In reverse phase chromatograms of their trypsin digests, we detected several distinctive peaks, one of which was attributed to a part of the internal glycine-rich region. Partial amino acid sequences of peptide fragments from trypsin and S. aureus V8 protease cleavage were found to be identical to the Mat9 translation. The CP 50 of puriˆed 26 W 27-kDa dehydrins were estimated to be 0.30 and 0.11 mM, respectively.
Dehydrin is a class of late embryogenesis abundant (LEA) proteins that are expressed in the late stage of seed maturation in response to water stress and W or formation of abscisic acid. 1) Based on the conserved motif amino acid sequences across species, extreme hydrophilicity, heat stability, and induction by dehydration, dehydrin is thought to be involved in desiccation tolerance of plants. In soybean, two dehydrin genes, Mat1 and Mat9, have been cloned from embryos during the desiccation phase of maturation, and one gene, Dhn, from dehydrated leaves. 1) In our previous paper, a 26-kDa polypeptide in soybean seed was identiˆed as a dehydrin from its partial amino acid sequences and characteristics. 2) In a survey of 50 varieties of soybeans, it had been found that molecular weight of dehydrin in soybean seeds is either 26 or 27-kDa apparently correlating with their seed color. 3) In this study, to characterize the molecular weight diversity among cultivars, the 26 W 27-kDa dehydrin proteins were puriˆed from yellow, green, and black-seed-coated soybean seeds and compared in the peptide mapping pattern, the partial amino acid sequences, and cryoprotective activities.
Soybean 27-kDa dehydrins were puriˆed from a line of green soybean (Miyagi-ao) and a black-seedcoated variety (Tanbaguro), and 26-kDa dehydrin from yellow soybean seeds (cv. Nattosyoru). From whey proteins prepared as described in our previous paper, 2) the 0-40z saturated ammonium sulfate fraction was isolated, dialyzed against 20 mM HEPES-NaOH, pH 7.0, and heated at 1009 C for 5 min and centrifuged at 5,000×g for 20 min. The supernatant was put onto an S Sepharose Fast Flow column (2×35 cm), and eluted with a linear gradient of 0-300 mM NaCl. The dehydrin fraction was collected based on detection by SDS-PAGE and immunoblotting with antiserum against 26-kDa dehydrin. After adding 40 mM phenylmethanesulphonyl ‰uoride to aˆnal concentration of 0.5 mM, the dehydrin fraction was concentrated with an ultraˆltration membraneˆlter (Ultrafree-CL10000, Millipore) to approximately 0.5 ml. The concentrate was mixed with ammonium sulfate to aˆnal concentration of 0.8 M, put onto a Phenyl Superose PC 1.6 W 5 on SMART-SYSTEM (Pharmacia Biotech), and eluted with a linear gradient of 0.8 to 0 M ammonium sulfate. Dehydrin fractions were dialyzed against distilled water and freeze-dried. For the peptide mapping analysis, puriˆed 26 W 27 kDa dehydrins (0.05 mg) were digested in 0.1 ml of reaction mixture containing 0.01 mg W ml trypsin and 5 mM CaCl 2 in 100 mM Tris-HCl, pH 8.0, at 379 C overnight. Digests were separated with a linear gradient of 0-40z acetonitrile in 0.1z tri‰uoroacetic acid using a reserve phase chromatography (RPC) column (C2 W C8 SC2.1 W 10) on SMART-SYSTEM. Puriˆed polypeptides were also partially digested with S. aureus V8 protease and separated in polyacrylamide gels, and blotted onto a polyvinylidene di‰uoride (PVDF) membrane following the method of Cleveland's as described previously. 2) Major peak fractions and peptide bands were analyzed on a gasphase peptide sequenator (ABI 477A, Perkin Elmer).
Cryoprotective activities of dehydrins in comparison with bovine serum albumin (BSA, A4378, Sigma) on lactate dehydrogenase were assayed following the method of Lin et al. 4) Soybean 26-kDa and 27-kDa dehydrins were those puriˆed from varieties of Nattosyoru and Tanbaguro, respectively. Lactate dehydrogenase from rabbit muscle (L5132, Sigma) was dissolved in 10 mM sodium phosphate buŠer, pH 7.5, at a concentration of 2.5 mg W ml. The enzyme solution (0.1 ml) was mixed with equal amounts of test compounds dissolved in the same buŠer at the concentration of 2×10 2 ¿2×10 -4 mM. The solutions were frozen at -209 C for 24 hours and thawed at room temperature for 5-10 min. Enzyme activity was measured with the absorbance change at 340 nm at 259 C using a commercial assay kit (DG1340K, Sigma). All samples were assayed twice in triplicate. Residual activity was shown as the percentage of the control activity assayed immediately after mixing of enzyme and protein solution.
The puriˆcation procedure for dehydrin reported previously 2) was modiˆed by introducing a heating process after ammonium sulfate fractionation to completely remove the basic 7S globulin which was composed of 16-kDa and 27-kDa subunits. 5) Since this heating procedure facilitated the removal of other heat-sensitive polypeptides, dehydrins were puriˆed through the following ion-exchange chromatography and hydrophobic interaction chromatography to one band on SDS-PAGE ( Fig. 1) .
Typical RPC patterns of trypsin digests from 26 W 27-kDa soybean dehydrins are shown in Fig. 2A . Several distinctive peaks were detected as marked with an arrow in the chromatograms. Among the peaks, N-terminal amino acid sequences of the peaks A and A? were found to be identical with each other as far as analyzed in this experiment (Fig. 2B) . The sequence, compared to the deduced amino acid sequence of two soybean maturation-related genes, named Mat1 and Mat9, 1) coincided with a part of the internal glycine-rich region of the Mat9 translation (Fig. 2C) . This sequence was not present in the Mat1 translation.
For further characterization, puriˆed proteins were analyzed by Cleveland's peptide mapping method using V8 protease from S. aureus, which cleaves peptide chains primarily at the C-terminal side of Glu residues. In the electrophoretic development, three bands of fragments were detected on the PVDF membrane, similarly to the previous report 2) (data not shown). The partial peptide sequence of a digested fragment was found to be identical to the Nterminal DEYGNP conservative motif of Mat9, and another peptide was attributed to a region between the internal glycine-rich region and C-terminal lysine motif (Fig. 2B, C) . Though homologous sequences to these fragments were found in the Mat1 translation, some of the amino acid residues were not coincident. From these results, it was suggested that both of the 26 and 27-kDa dehydrins in soybean seeds were closer to Mat9 maturation related protein than Mat1 (Fig. 2B ). Though these dehydrins had identical amino acid sequences as far as examined, the RPC chromatogram of the trypsin digest implied disparity in the internal glycine-rich region between the dehydrins.
Since, it is known that vegetative tissues accumulate the dehydrins under water stress, we analyzed mRNAs isolated from soybean seedlings under water stress by reverse transcription polymerase chain reaction (RT-PCR) for dehydrin analogues. No variety-dependent diversity in molecular weight was observed among the RT-PCR products from the three varieties, Nattosyoryu, Miyagiao, and Shigamizukuguri (data not shown). Multiple genes with very close molecular weights were detected for all of the samples. We consider that molecular weight diversity of dehydrin among cultivars would be speciˆc to seed-tissue.
The cryoprotective activity on freeze-thaw inactivation of enzymes has been used as a criterion of the function of LEA proteins including dehydrins. 6) Figure 3 shows that two soybean dehydrins prevented lactate dehydrogenase from freeze-thaw inactivation similarly to BSA, which is known to be cryoprotective for the enzyme. 4) The protein amount necessary to keep 50z of enzyme activity (CP50) of the 27-kDa dehydrin (0.11 mM) was slightly lower than that of 26-kDa dehydrin (0.30 mM). It is implied that the molecular diversity of dehydrin, presumably related to the hydrophilic glycine-rich region might in‰uence its function to protect proteins against abiotic stress.
In conclusion, the 26 and 27-kDa dehydrins from soybean seed had identical amino acid sequences in A, Reverse phase chromatogram of trypsin digests from puriˆed 26 W 27-kDa dehydrin proteins. a, 26-kDa dehydrin from a yellow soybean (Nattosyoryu); b, 27-kDa dehydrin from a black-seed-coated soybean (Tanbaguro). Distinctive peaks between the chromatograms are marked by arrows. B, Amino acid sequence homology of fragments obtained from trypsin or V8 protease digestion. * , Gen-BankM94012 Glycine max maturation associated protein (Mat9 ). ** , GenBankM93568 Glycine max maturation associated protein (Mat1 ). □ X : Amino acid discrepancy between Mat1 and Mat9. C, Deduced amino acid sequences of Mat9 and its conserved motifs. , conserved amino acid motifs of dehydrin;
, amino acid sequences in the peptide fragments obtained in this paper.
the N-terminal DEYGNP motif, the internal glycinerich part, and near the C-terminal lysine motif regions. They seemed to be the products of a gene called Mat9. One of the discrepancies among the peptide mapping patterns was attributed to a cleavage site of trypsin in glycine-rich region. We also found that a 27-kDa dehydrin from black soybean had higher cryoprotective activity than a 26-kDa dehydrin. 
